***To the Editors:***

Use of antiretroviral therapy (ART) in pregnancy is estimated to limit mother-to-child/vertical HIV transmissions to \<2% versus up to 45% in breastfed children born to HIV-infected mothers not receiving ART.^[@R1][@R2]^ However, safety data on ART use in pregnancy remain sparse due to exclusion of pregnant women from clinical trials and underreporting by health care professionals to existing databases such as the antiretroviral pregnancy registry (APR). Review of additional data can help assess benefits and risks of specific ART regimens.

Dolutegravir, an integrase strand transfer inhibitor, has increasingly been used as first-line ART in people with HIV. No evidence of teratogenicity or developmental toxicity in animal studies or early clinical trials in women with unplanned pregnancies while taking dolutegravir was identified.^[@R3]^ In May 2018, new data were reported from an unplanned interim analysis of 426 infants born to women taking dolutegravir at conception from the Botswana Birth Outcomes Surveillance Cohort (Tsepamo study). Four neural tube defects (NTDs; anencephaly, encephalocele, iniencephaly, myelomeningocele) were reported, resulting in a prevalence of 0.94% \[95% confidence interval (CI): 0.37 to 2.4\],^[@R4][@R5]^ compared with 14/11,300 infants (0.12%; 95% CI: 0.07 to 0.21) born to women taking non--dolutegravir-based ART at conception and 61/66,057 infants (0.09%; 95% CI: 0.07 to 0.12) born to HIV-uninfected women in this study. In a subsequent analysis from March 2019, the prevalence rate with dolutegravir taken at conception had decreased to 0.30% (95% CI: 0.13 to 0.69) due to an increased denominator (5/1683). Among infants born to women who started dolutegravir during pregnancy, the prevalence of NTDs was 1/3840 (0.03%; 95% CI: 0.00 to 0.15).^[@R6]^

NTDs are congenital abnormalities involving the brain, spine, or spinal cord that result from failure of the neural tube to close completely, a process normally completed by the end of the first month of pregnancy.^[@R7][@R8][@R9][@R10]^ Risk factors include folate deficiency, obesity, uncontrolled maternal diabetes, maternal fever, and medications such as carbamazepine and valproic acid.^[@R7][@R11][@R12]^ In the Tsepamo study, none of the 5 women taking dolutegravir at conception who delivered an infant with an NTD was reported to be taking folic acid supplementation before pregnancy, and folate supplementation of grain products is not standard practice in Botswana. No other risk factors for NTDs in these women were reported.^[@R5]^

Here, we report pregnancy outcomes in women taking dolutegravir and their infants who have been recorded in the ViiV Healthcare global safety database, which includes cases received through spontaneous (voluntary) reporting, postmarketing studies, and ViiV Healthcare--sponsored clinical trials. As of January 16, 2019, 1060 pregnancies with exposure to dolutegravir-containing products were identified, with 757 pregnancy outcomes with dolutegravir exposure and 303 with the fixed-dose single-tablet dolutegravir/abacavir/lamivudine (Table [1](#T1){ref-type="table"}). From the combined data set, 80 cases were from ViiV Healthcare--sponsored clinical trials, 500 were from spontaneous reports, and 480 were from postmarketing studies or studies supported by ViiV Healthcare (including the APR). These included 47 cases reporting pregnancy exposures identified from the published literature.
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Overall, 134 congenital abnormalities were identified in individuals exposed to dolutegravir (n = 96) or dolutegravir/abacavir/lamivudine (n = 38) during pregnancy. Of these, data from 104 abnormalities came from postmarketing studies or studies supported by ViiV Healthcare (generally designed to study dolutegravir use in late-stage pregnancy), 29 from spontaneous reports, and 1 from a ViiV Healthcare--sponsored clinical trial. Forty-three of the congenital abnormalities were cases of umbilical hernia, with 37 occurring in the DolPHIN-2 study (ongoing in Uganda and South Africa) investigating efficacy and safety of third-trimester dolutegravir exposure in pregnant HIV-infected women.^[@R13]^ The majority of the remaining cases was related to the nervous system (n = 14), cardiac system (n = 13), and musculoskeletal system (n = 8). Of the 116 reports of congenital abnormalities that provided information on the trimester of exposure, 49 were exposed to dolutegravir or dolutegravir/abacavir/lamivudine in the first trimester (including 33 cases exposed at conception), 20 in the second trimester, and 47 in the third trimester.

There have been 9 reported and confirmed cases of NTDs with mothers who were exposed to dolutegravir or dolutegravir/abacavir/lamivudine: 6 from the Tsepamo study (5 with exposure at conception and 1 with exposure to dolutegravir started during pregnancy; study data as of March 2019)^[@R6]^ and 3 spontaneous cases as of January 31, 2019 (1 from Namibia, reported in January 2017 and 2 from the United States, both reported in June 2018).

Of the 3 cases of NTDs reported spontaneously to ViiV Healthcare outside of the Tsepamo study, 1 case was from a woman in Namibia who had been receiving dolutegravir for several months before conception. Treatment with dolutegravir continued until an unspecified NTD was diagnosed in utero. No information was provided on concomitant medications or medical or family history. The other 2 cases were both from the United States and involved women who had taken dolutegravir/abacavir/lamivudine for ≥1 year before conception. In both cases, the NTDs (anencephaly, sacromeningocele) were diagnosed during prenatal ultrasound. Both infants were carried to term, 1 died after delivery, whereas the other was reported to be doing well after surgical closure of the sacromeningocele. Neither mother was reported to have taken folic acid supplementation preconception. Neither woman had taken medications recognized as associated with NTDs or had a current diagnosis of epilepsy or diabetes, although 1 had a history of seizures and 2 previous spontaneous abortions, and the other had a body mass index \>30 kg/m^2^, indicating a potentially elevated risk.

Although reporting postmarketing surveillance data is important, they are limited by the inability to calculate prevalence rates because the true denominator is not available and births without defects are underreported. Cumulative exposure to dolutegravir-containing products is estimated to be \>1.3 million patient-years, but the number of women who have taken dolutegravir during pregnancy is unknown. Although the limitations of postmarketing surveillance data are well recognized, the number of spontaneous reports of NTDs with dolutegravir-containing regimens has been low when viewed in the context of global dolutegravir use and awareness of the NTD signal among prescribers since the Tsepamo study findings were first reported.

To detect associations of drug exposure with rare events like NTDs, ∼2000 pregnancies with drug exposure collected in a structured manner are needed to determine a 3-fold increased probability of the event occurring.^[@R14]^ In 2018, the Botswana Birth Outcomes Surveillance study expanded to include surveillance from 8 to 18 sites, with plans to include data from an additional 1226 births of infants exposed to dolutegravir at conception.^[@R5]^ In addition, the Ministry of Health of Brazil, in partnership with the National Institutes of Health, Vanderbilt University, and the Oswaldo Cruz Foundation, has initiated a national, retrospective, observational cohort study to evaluate the incidence of NTDs after dolutegravir exposure during pregnancy, estimate the risk of NTDs in infants born to women receiving dolutegravir and raltegravir at conception, and evaluate factors associated with the risk of NTDs in infants born to women who received dolutegravir at conception.^[@R15]^ ViiV Healthcare is conducting or supporting several observational studies to assess dolutegravir use in pregnancy, including the APR,^[@R16]^ as well as the DOLOMITE-EPPICC^[@R17]^ and DOLOMITE-NEAT ID NETWORK^[@R18]^ studies that include European data. These emerging data will be critical in making a more definitive judgment about the potential risk of dolutegravir use during pregnancy.

It is important that the potential benefits of any ART during pregnancy are carefully weighed against the potential risks to the developing fetus, keeping in mind that untreated HIV infection during pregnancy has also been associated with adverse birth outcomes, including low birth weight, preterm birth, and stillbirth compared with HIV-negative controls.^[@R19]^ In addition, lack of ART or delayed ART initiation in pregnant women increases the risk of vertical transmission.^[@R20][@R21]^ To further minimize this risk, full viral suppression by delivery is a vital treatment goal for pregnant HIV-infected women.^[@R22]^ Dolutegravir-based therapy in pregnancy is generally effective with a good maternal safety and tolerability profile. Overall, the rate of adverse birth outcomes following dolutegravir exposure after conception has been consistent with that observed for other ART regimens and the general population,^[@R16][@R23]^ but the potential association of dolutegravir exposure at the time of conception with the development of NTDs requires further study. Until the NTD signal is confirmed or refuted, ViiV Healthcare recommends that women of childbearing potential who are taking a dolutegravir-based regimen use effective contraception.^[@R24]^ If pregnancy occurs while taking a dolutegravir-based regimen and the pregnancy is confirmed within the first trimester, the benefits and risks of switching to an alternative regimen should be considered.^[@R24]^ For those women planning to become pregnant, switching to an appropriate alternative regimen, if possible, is recommended.^[@R24]^ Treatment guidelines for HIV, including those from the US Department of Health and Human Services, recommend a similar approach and allow for dolutegravir use after the first 14 weeks of pregnancy.^[@R25]^ Updated guidelines from the World Health Organization in July 2019 now recommend that dolutegravir can be prescribed in all women of childbearing potential, including those planning pregnancy as well as during pregnancy, provided the woman is fully informed of the potential increased risk of NTDs (at conception and until the end of the first trimester).^[@R26]^ At this time, available data do not indicate any specific safety risk with dolutegravir use after the first trimester of pregnancy.
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